On 10 September 2017 Neutron Monitors (NMs) apparatus located at ground level and high latitudes detected an increase in the counting rate associated to solar energetic particles (SEP) emission from X8.2 class solar flare and its associated CME. This was the second highest flare of the current solar cycle. The origin was the active region AR 2673 when it was located at the edge of the west solar disc, without a direct magnetic connection with Earth. However, there was a peculiar condition, the solar protons accelerated by the CME shocks were injected within a heliospheric current sheet (HCS) region and when the Earth was crossing this region. We show that the HCS played the role of a magnetic connection between Sun and Earth. The fast-moving protons penetrated the magnetosphere near the north and south poles and their interaction in the atmosphere produced a ground level enhancement (GLE #72), this was the second in the current solar cycle. In the NOAA Space Weather Scale, SEP is cataloged as radiation storms, from S1(minor) to S5 (extreme), and in the present case, it reached S3 (strong). In addition, four days before, on 6 September, AR 2673 erupted, was an X9.3-class flare (the strongest flare of the current cycle). It was associated with a halo CME toward Earth, triggering the second strongest geomagnetic storm of the current solar cycle on 7 September. We detail these observations.
INTRODUCTION
The ground-level enhancements (GLEs), typically in the MeV-GeV energy range, are sudden increases in cosmic ray intensities registered by neutron monitors (NMs), which are ground-based instruments that detect a variety of secondary particles and mainly neutrons produced by primary protons penetrating the Earth's atmosphere (Miroshnichenko et al, 2008; Gopalswamy et al., 2010) . These enhancements can be registered by other types of ground-based detectors, such as air shower detectors and muon telescopes (L3 Collaboration 2008; Wang, 2009; Nitta etal., 2012) . In most cases GLEs occur during the intense X-class solar flares 2 as well as the fast (above ∼ 1000 km s −1 ) Coronal Mass Ejections (CMEs) (Gopalswamy et al., 2010; Gopalswamy at al., 2012) . However, also there are some cases of GLEs associated with weaker flares and slower CMEs (Cliver, 2006) . The GLEs are triggered by solar energetic particle (SEP) and that are one population of particles in the interplanetary space from the Sun to 1 AU, mainly accelerated by shock waves during CMEs. However, particle acceleration can occur directly in flare sites (Cane et al., 2002; Li et al., 2013) . SEP are classified according to particle origin or acceleration region (Kallenrode, 1998 (Kallenrode, , 2003 Tsurutani et al., 2009) . SEP have energies from MeV to the GeV range and occur in events that last from some hours to a few days. SEP events are much more frequent at times of solar maximum than during solar minimum. The occurrence of SEP events is directly related to flares and CMEs (Kallenrode, 2003) . These are recognized as two distinct classes of SEP events: impulsive (accelerated in flares) and gradual (accelerated at CME-driven shocks) (Cane et al., 1986; Kallenrode, 2003) . A number of individual GLEs have been studied in details in literature (Nitta etal., 2012; Debrunner et al., 1997; Miroshnichenko, 2001; Dorman et al., 2005; Muraki et al., 2008; Usoskin et al., 2011; Kurt et al., 2013) , reflecting the diversity in their features and the original conditions. The exact understanding of the origin and the mechanism of high energy acceleration of solar particles in large SEP events is one of the main topics of the physics governing GLE events (Miroshnichenko et al, 2008; Reames, 2009; Vashenyuket al., 2011; Aschwanden et al., 20012) . Rather high energies (in the GeV energy region) may be reached at the early stages of shock evolution (Zank et at., 2000) , as well as originate from shocks driven by CMEs propagating through the corona and interplanetary space (Ellison & Ramaty 1985) ). Usually, the CMEs provide conditions for the seed particles to be re-accelerated.
Since 1950, the observation of solar energetic particles from solar flares has been done with ground-level experiments, such as the NMs (Meyer et al., 1954; Simpson, 2000; Moraal et al., 2000) as well as the solar neutron telescope network (Watanabe et al., 2009; Valdes-Galicia et al., 2009 ) around the world. These observations have yielded a lot of new information. For instance, the anti-correlation between solar activity and the flow of galactic cosmic rays, the existence of a prompt and late emission in flares, correlations of the cosmic ray intensity with CMEs and other solar disturbances crossing the Earth, etc. (Moraal et al., 2000; Chupp et al., 1987) .
Nowadays, particles accelerated in the Sun environment in the MeV energy region, can be detected by space-borne instruments. The measurement of high-energy protons in space is achieved by the High Energy Proton and Alpha Detector (HEPAD) ( Onsager et al., 1996) on GOES, which provides data on differential fluxes in three channels in the energy region between 350 MeV and 700 MeV, integral flux above 700 MeV, and the X-ray flux in two wavelengths (http : //www.oso.noaa.gov/goes/index.htm). In addition, gamma-rays and hard X-rays from solar flares also are detected by Fermi GBM, in the energy region of up to 300 keV.
Energetic particles from solar flares that can be measured at the Earth's surface are rare events and fewer than 100 have been observed by NMs in the past 70 years (http : //www.nasa.gov/mission p ages/sunearth/news/particles − gle.html). Not all of the solar explosions observed by satellites can be measured at the Earth. It is necessary favorable conditions, i.e., a Sun-Earth magnetic connection. This condition in most cases is achieved when the solar active region is close to the Equator and at the west region, but no far from the central region. In addition, can be a dissipation of the radiation by the interplanetary magnetic field (IMF), and particles can be deflected or captured by the Earth's magnetic field or absorbed by the Earth's atmosphere.
It is important to note that not all ground-based detectors can observe GLEs simultaneously. For instance, in most cases, the NMs that have observed the GLEs in the last solar cycle 23, were located in polar regions, or near it, with a geomagnetic rigidity cutoff ∼ 1GV or less (Shea & Smart, 2012) . There are exceptions, such as the case of the GLE on January 20, 2005, the GLE was observed by detectors in regions with much higher cutoff rigidities ( Bostanjyan et al., 2007) . Solar flares and CMEs occur whenever there is a rapid large-scale change in the Sun's magnetic field. Among 16 GLEs observed in the previous solar cycle 23, 14 GLEs were linked with X-class flare, one with an M7.1-class flare, and one with a C2.2-class flare. It was reported that in 15 GLEs the associated blast has also emitted a CME (Cliver, 2006; Kahler, 2001; Cliver et al., 1983) . As already indicated, the detection of energetic particles from solar flares and CMEs at ground level depends on a good magnetic connection between the Sun and the Earth. Most solar flares associated with GLEs are located on the western sector of the Sun (about 58% of GLE associated solar flares originated from the southwest active regions and 36% from the northwest active regions (Firoz et al., 2011)) , where the IMF is well connected to the Earth Reames, (1999) . At least two more factors may contribute to GLEs: the presence of prior CMEs and the magnetic field connection of the acceleration region to Earth. The time profiles of the observed SEP events depend on the original solar active region longitude (helio-longitude). For example, those from the active western source regions tend to rise more quickly to the peak than those from the active eastern source regions (Nitta etal., 2012; Reames, 1999; Cane et al., 1988 Cane et al., , 2003 . The active solar areas are distributed in much broader longitudes than those of impulsive SEP events in flares (Reames, 1999) . The first GLE in the current solar cycle was on 17 May 2012, a strong M5.1 solar flare was observed near the west limb of the Sun. This position was well connected by IMF lines linking the Sun to near-Earth space (Li et al., 2013) . The flare was accompanied by an O type 3 CME (http : //www.nasa.gov/mission p ages/sunearth/news/N ews050912 − M f lares.html) , and a category S2 solar radiation storm 4 was reported (http : //www.solarmonitor.org). High energy solar particles were recorded by near-Earth spacecraft and some ground-based NMs. For the entire period of ground-based observations (since 1942 (Cliver et al., 1982) ), it was the 71st GLE (Li et al., 2013) and the first GLE in the current solar cycle 24 (Klein et al., 2012; Kudela, 2013; Gopalswamy et al., 2013) . The halo CME was not fully directed toward Earth. Geomagnetic conditions (at Earth) were slightly disturbed on 17 May 2012 (Papaioannou et al., 2013) . (the estimated 3 hr planetary index Kp = 2 and the ring current Dst = 34nT 5 ). It is worth noting that GLE71 is characterized by some peculiarities (Li et al., 2013; Gopalswamy et al., 2013; Balabin et al., 2013; Mishev etal., 2014) . For instance, it was associated with a moderate flare (M5.1), the flare size was smaller than that in all cycle 23 GLEs and the CME itself was very fast (Gopalswamy et al., 2013) . It means that there are many aspects of the event still need to be further explored and explained.
In this paper, we show that the signals detected by spacecraft detectors on 10 September correspond to two different phases of the solar flare. The energy release, during the impulsive phase of the flare, was observed as an increase of gamma rays and hard X-rays, registered by RHESSI and Fermi GBM, and peaking at ∼ 15:47-16:48 UT. The GOES proton and ground-based detectors observed signals corresponding to gradual (or extended) phase of the flare, and peaking at ∼ 16:07. Solar protons accelerated by shock waves with an average speed of 948 km/s, a triggered a radiation storm of up to S3 (strong) level in the NOAA storm-scale, triggering the GLE #72. The observation of these solar energetic particles at Earth, was possible only thanks to a Heliospheric current sheet, that played the role of a sun-earth direct magnetic connection. Because the blast happened in the extreme west edge of the solar disc, i.e., a non-geoeffective region.
This article is organized as follows: In Section 2 the solar activity, in September 2017, from the largest (so far) sunspot (AR 2073) on the current solar cycle, is described. In Section 3 we present an analysis on the origin of relativistic proton levels and the GLE #72, observed on 10 September. We highlight the peculiar characteristics of the event, such as the location of the AR 2073 at time of the blast and the HCS, playing the role of a magnetic connection. The connection between the flare, CME and their counterpart observed as the hard X-rays (Fermi GRM) and soft X-rays (GOES 15) and the relativistic particles (GOES protons), including the GLE #72 detected by NMs at high latitudes are presented in Section 4. Finally, In Section 5 we present our summary and conclusions.
ACTIVITY OF SUNSPOT AR 2673 IN SEPTEMBER 2017
The active region AR 2673 began to be visible on 26 August and during its rotation toward the sun's west limb, AR 2673 had a "beta-gamma-delta" magnetic configuration, this means capable of producing strong eruption on the Sun. Indeed, AR 2673 erupted 25 M-Flares and 3 X-Flares, including the two largest of the current solar Cycle (Cycle 24). Fig. 1 shows the SDO photograph of AR 2673, after the strongest eruption in the current solar cycle an X9.2-class flare on 6 September 2017. Two X-class solar flares erupted on 6 September 2017 from AR 2673. The first was a long-duration X2.2-class flare at 9:33 UT. The blast was associated with a narrow CME ejected on the west region of the solar disc. However, the average shock wave speed was low 419 km/s and also they were injected mainly " below" of the ecliptic plane. This flare was the first X-class since 5 May 2015. The second was at 12:02 UT and was also the strongest eruption in the current solar cycle, reaching the condition of X9.2-class flare. The blast was associated to a full halo CME (CME #0017, in the Cactus catalog), with average shock wave speed of 624 km/s. However, the high-speed shock waves with speed up to 1950 km/s were injected above and below the ecliptic plane. The presence of Type IV and Type II radio emission associated with the blast means a strong coronal mass ejections and associated with solar radiation storms. After a travel of 35 h, the halo CME arrived at Earth on 7 September at ∼ 23:00 UT, triggering a strong G3 geomagnetic storm. This was the second stronger geomagnetic storm in the current solar cycle. The Dst geomagnetic index reached up to -142 nT in the transition from 7 to 8 September, the top panel of Fig. 2 summarize the situation.
In addition, the strong geomagnetic storm triggered a Forbush decrease (FD). An FD is a transient decrease followed by a gradual recovery in the observed galactic cosmic ray intensity. The perturbed geomagnetic field during geomagnetic storms disperses the cosmic rays in the vicinity of the Earth, producing a fall in the counting rate at ground level detectors. The FD intensity increases as the geomagnetic rigidity cutoff of the site of detector decreases. Thus the FDs are more intense in detectors located at high latitudes. The FD associated with G3 geomagnetic reached an intensity variation of up to 11% at South Pole NM. The bottom panel of Fig. 2 summarizes the situation.
On 10 September, AR 2673 erupted when it was in the extreme west limb. It was the second strongest flare of the cycle 24, reaching up to X8.2-class, associated to a halo IV CME (angular width of 360 degrees). The CME was ejected within an HCS region and when the Earth was crossing the HCS region. The HCS allowed a direct magnetic (SunEarth) connection because of the solar energetic particles, accelerated by the CME shocks started arriving on Earth, up to reaching the S3 (strong) condition in the NOAA storm-scale, triggering the second Ground Level Enhancement (GLE #72) in the current solar cycle, detected in some NMs, as shown in bottom panel in Fig. 2 . These observations are detailed in the next section. On 10 September 2017, almost out of view from our fair planet, rotating around the Sun's western edge, the active region AR2673 erupted again at 15:35 UT, the blast was an X8.2-class flare, it was the second largest flare of the current solar cycle. An image in the extreme ultraviolet region was caught by Solar Dynamics Observatory and it is shown in the left panel of Fig. 3 . This blast was the most spectacular from AR2673, not just because it happened in the extreme west of the solar limbo, more also because its associated CME (CME #0037), had a significant release of plasma and magnetic field from the solar corona, saturating the images obtained by LASCO at the SOHO spacecraft, as shown in the right panel of Fig. 3 . In general, halo CMEs (angular width of 360 degrees) happen when the active region that originates the CME is close to the central region of the solar disc. But this is not the case for the CME # 0037, there was another factor, the CME was ejected within an HCS region. In the next section we detail this spectacular condition. The CME #0037 eruption associated with the X8.2-class flare at 16:48 UT. It was a halo IV CME, i.e., with an angular width of 360 degrees, saturating the LASCO detector.
(Credit: Cactus analysis from LASCO detector). Figure 4 shows the shock velocities as a function of the principal angle "pa" for the CME #0037 on 10 September. The data is from LASCO coronagraph images and automatically generated by CACTus (Robbrecht et al., 2009 ). The pa CACTUS parameter correlated with the CME projected latitude, and it is defined as the middle angle of the CME when seen in the white-light images.
The pa parameter also depends on the orientation of the CME in the relation of the observer (Lagrange Point L1). The principal angle is measured counterclockwise from North (degrees). Thus, the projected latitudes are only a good estimation of the true direction of propagation. Values of the pa close to 90 and 270 degrees represent zero latitudes. The pa = 90 0 and pa = 270 0 means that the middle angle of the CME coincides with the eastern side and with the western side of the ecliptic plane, respectively.
In addition, from Fig. 4 we can see that the shock wave velocities in the CME #0037 reach up to ∼2000 km/s, in the whole pa region, including the region around pa = 270 0 , i.e., the ecliptic west region. Solar protons accelerated by high-speed shock waves and injected in the west region of ecliptic plane have good chance to reach the Earth. On the other hand, an HCS is a transition zone that separates regions of opposing interplanetary magnetic field polarity (Wilcox & Ness, 1995) . An increase in the plasma concentration and of the interplanetary magnetic field (IMF) intensity is associated with the HCS compression region. This means that the HCS plays a magnetic focusing role to charged particles, they propagate more efficiently following the HCS boundary sectors. In some cases, the crossing of Earth by HCS boundary sectors also can propitious a small enhancement in galactic cosmic ray (GCR) flux observed at ground level, as shown by (Thomas et al., 2014) .
Charged particles in the heliosphere with energies up to ∼ 2 GeV undergo drift processes along of the HCS (Usoskin et al. 2008) . Charged particles when the solar magnetic field is positive (A>0) or negative (A<0), satisfying the condition qA>0 drift away from the sun and under the condition qA<0 drift toward the sun. Fig. 5 gives a snapshot of the WSA-Enlil model 6 run around on 10 September. The model shows the solar wind plasma density in the ecliptic plane. Blue colors show very high plasma density and grey color represents low density. The Earth is marked as the red circle, and the Sun is shown by the blue circle. Following this figure, we can see that on 10 September the Earth was crossing a wide region of high solar plasma density, i.e., crossing the HCS.
The crossing of Earth, through the boundary sectors of HCS, is usually not associated with big disturbances in the geomagnetic field, but there is a signature on the solar wind parameters. In the present case, a sector boundary crossing (SBC) occurred in 6 September 2017 (DOY 249), when the magnetic field changed from "away" to "towards" Sun, and ∼ 8 days later (at transition from 13 to 14 September, DOY 256-257) back to "away", as shown in the time profiles of P hi angle in the top panel of Fig. 6 , there are also changes (fluctuations) in the solar wind density and speed, as shown in central and bottom panel of Fig. 6 , respectively. Data were taken from ACE.
CONNECTION FLARE CME AND GLE
The observation by the Skylab around 40 years ago, of X-ray emissions by solar flares at the edge of the solar limb has enabled the clear identification up to three phases in a solar flares (Pallavicini et al., 1977) , a precursor phase, an impulsive phase (prompt) and a gradual phase (delayed). However in most cases are identified only the two last phases, the impulsive and the gradual according to the duration of their X-ray duration (Ruffolo, 1997) . From the analysis of the timing of the diverse populations in large events, is possible to identify these two types, in the same event and they are known as different phases of a solar flare (Lin et al., 2002 (Lin et al., , 2003 .
In some flares, the timing of electromagnetic emissions and relativistic protons suggests that the first proton peak is related to the acceleration during the impulsive phase (Murphy et al., 1987; Klein et al., 2014) . Protons and heavier ions are accelerated in the impulsive phase to relativistic energies by small-scale coronal loops. The impulsive phase is characterized by a fast rise and shorter decay times, with duration of some tens of minutes (Pallavicini et al., 1977) . A fraction of these high-energy particles can interact with the nuclei of the different elements in the ambient solar atmosphere, these interactions can produce neutral pions which decay immediately and generate a broad gamma-ray line with a maximum near 70 MeV (Kurt et al., 2013) . There is also the emission of hard X-rays in this phase, due to bremsstrahlung, produced by electrons that have been accelerated to much higher energies than those found in the ambient plasma (Lin et al., 2003) . The hard X-rays and the gamma-rays emissions are the evidence of acceleration of electrons and protons (ions) to relativistic energies in this impulsive phase.
The second proton peak begins with magnetic restructuring in the corona after the CME passage and indicates the gradual phase of the solar flare. It is characterized by soft X-ray emissions. Protons and heavier ions are accelerated at this gradual phase by re-connection and possibly turbulence in the large-scale coronal loops, as well as CME shocks, with a longer rise and decay times, with a duration from some hours to days. Thus, these particles are spread over a broad region in solar longitude and under some conditions, such as geoeffective of the active area, the most energetic particles can give rise to a GLE (Chupp et al., 2009) [86] , and the same event can be observed by ground-based detectors, at least by those located at high latitudes.
The relativistic particles emission in the large particle event on 10 September 2017, is also likely to be interpreted in two different phases, an impulsive (prompt) and a gradual (delayed) particle acceleration.
Signatures of the impulsive phase were seen by the Reuven Ramaty High Energy Solar Spectroscopic Imager (RHESSI) (Lin et al., 2002) in hard X-ray and gamma-ray emissions up to 20 MeV. The onset time of the RHESSI signal is estimated by as 15:50 UT, with a peak at 15:57 UT 7 . A comparison between the hard X-ray emission during the impulsive phase as observed by Fermi GBM and the soft X-ray emission during the gradual phase as observed by GOES 15 is shown in Fig. 7 . From this figure, we can see that the hard X-ray emission, peaked about 10 minutes before then the soft X-ray peak.
In the present case, despite the blast location was in the extreme west limb, i.e., do not be geo-effective, it occurred when the Earth was crossing by a heliospheric current sheet (HCS) region. The HCS drifted the protons away from the sun following the sheet. i.e., played the role of a sun-earth magnetic connection, because the Earth was crossing the HCS sector at the time of the blast. This condition allowed that the SEP arrived at the Earth with a flux enough to triggering a GLE, the GLE#72, and the second of the current solar cycle.
The particle enhancement at NMs had an onset about half hour after the peak of the soft X-ray emission observed at 1 AU by GOES 13, such as observed in Fig. 8 , where is shown a correlation between the GOES X-rays time profiles and the counting rate in three NMs: South-Pole (0.1 GV)(confidence 5.6%), Oulu (0.8 GV)(confidence 3.5%, and Lomnicky(LMKS)(3.8GV)(confidence 0.7%). As already was expected, NMs in places with high magnetic rigidity cutoff, for instance, the Athens NM (8.5 GV) did not detect any signal (see Fig. 2 ).
In most cases, a type II and IV radio emissions are observed in the gradual phase at the high corona (Gopalswamy et al., 2007) and is typically associated with strong coronal mass ejections and solar radiation storms. In fact, in the event around Sunspot 2673 on 10 September, there were type II radio emissions, with onset at 16:08 UT, indicating that the coronal mass ejection was associated with the X8.2-class flare, generating a strong S3 Level Solar Radiation Storm (a proton flux at 1AU above 1000 particles per cm 2 per second and energies above 10 MeV), as observed by GOES satellite. Fig. 9 summarizes the situation, the top panel shows the GOES proton flux for five different energy band, from 5 GeV to 1000 GeV and the bottom panel shows the counting rate at the three NMs, South-Pole, Oulu, and Lomnicky respectively. Following the top panel, we can see a fast rise increase in relativistic proton levels and after 3 hours of the onset (16:10 UT), the solar radiation storm reaches the S3 level (strong level) in the NOAA storm radiation scale, ranging from S1 (minor) to S5 (strong). In addition, solar energetic particles triggering a GLEmeans that the flux of relativistic particles (protons) reached the GeV energy range, with a flux above the background galactic cosmic ray flux.
CONCLUSIONS
On 10 September 2017, an X8.2-class solar flare erupted from the active region AR 2673. This was the second strongest solar flare of the current solar cycle. Besides, the blast happened under three peculiar circumstances, the first was the location of the AR 2673, on the western edge of the solar disk, without a magnetic connection with the Earth. Besides, the blast happened under three peculiar circumstances, the first was the location of the AR 2673, on the western edge of the solar disk, without a magnetic connection with the Earth. The second is the AR 2673 footprint, within an HCS region and the third was a temporal coincidence, the blast happened when the Earth was crossing by this HCS region. We claim that the HCS played the role of a magnetic connection between Sun and Earth. This assumption is according to numerical calculations (Usoskin et al. 2008) , indicating that if the charged particles satisfies the condition qA>0 and that is true to solar protons accelerated by shocks (up to energies about 2 GeV), in the global magnetic field polarity (A>0, on 10 September 2017), the particles drift away from the Sun following the sheet. Thus, in association with the X8.2-class flare, the second GLE (GLE #72) in the current solar cycle 24 was detected at ground level by NMs located at high latitudes.
From a timing analysis, we found that the signals detected from this blast corresponding to different phases of the solar flare. The energy release, during the impulsive phase of the flare, was observed as an increase of gamma rays and hard X-rays, registered by RHESSI and Fermi GBM and peaking at ∼ 15:57 UT. While the energy release in the gradual phase of the flare was observed as an increase of soft X-rays registered by GOES and peaking at 16:06 UT. The GOES proton flux also corresponds to energy release in the gradual phase of the flare. Solar protons were accelerates in this phase by shock waves with an average speed of 948 km/s, reaching energies of up to the GeV band and triggering at Earth a radiation storm of up to S3 (strong) level. In addition, the ground-based detectors located in high latitudes observed a GLE (the GLE#72) with a confidence of up to 5.6%, in temporal correlation with the GOES proton flux, i.e., also corresponding to gradual (or extended) phase of the flare.
Finally, some peculiarities of the active region AR 2673 were reported, such as the eruption on 6 September, an X9.3-class flare, the strongest flare of the current cycle. It was associated with a halo CME toward Earth, triggering the second major geomagnetic storms of the current solar cycle on 7 September.
